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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International appnBHbn No. 

PCT/US03/40341 



L Basis of the report 



1. With regard to the elements of the international application:* 
|" I the international application as originally filed, 
the description: 

pages 1-104 as originally filed 

pages NONE , filed with the demand 



pages NONE , filed with the letter of , 

the claims: 

pages NONE L as originally filed 

pages NONE , as amended (together with any statement) under Article 19 

pages NONE , filed with the demand 

pages 105-121 , filed with the letter of 30 November 2004 (30. 1 1 .2004) 

the drawings: 

pages 1^6 L as originally filed 

pages NONE , filed with the demand 

pages NONE , filed with the letter of . 

| | the sequence listing part of the description: 

pages NONE L as originally filed 

pages NONE , filed with the demand 

pages NONE , filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 
These elements were available or furnished to this Authority in the following language which is: 

| | the language of a translation furnished for the purposes of international search (under Rule23.1(b)). 

[ | the language of publication of the international application (under Rule 48.3(b)). 

| | the language of the translation furnished for the purposes of international preliminary examination(under Rules 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

| | contained in the international application in printed form. 

1 | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

| | The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
| | The statement that the information recorded in computer readable form is identical to the written sequence listing 

has been furnished 

4. |Xj The amendments have resulted in the cancellation of: 



the description, pages NONE 
the claims, Nos. 71 
the drawings, sheets/fig NONE 
5. This report has been established as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in 
this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70.16 and 70.17). 
** Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citat ions and explanations supporting such statement 

1. STATEMENT 



Novelty (N) Claims 1-70 YES 

Claims NONE NO 

Inventive Step (IS) Claims 1-70 YES 

Claims NONE NO 

Industrial Applicability (IA) Claims 1-70 YES 

Claims NONE NO 



2. CITATIONS AND EXPLANATIONS 

Hie following references as cited on the ISR are discussed: 

Dl: Priola et al. (US 4,107,417) 

D2: Welch et al. (US 2,548,415) 

D3: Calfee et al. (US 2,534,698) 

Claims 1-70 meet the criteria set out in PCT Article 33(2M3), because the prior art does not teach or fairly suggest the claimed 
copolymer which has the required g'vb^vg. Each of D1-D3 discloses polymers of isoolefins and multiolefins which appear to be 
"substantially free of long chain branching"; however, the reference disclosures contain no indication that the polymers described 
therein contain the claimed value of g\\s*vz. Furthermore, the methods described in the specification for obtaining the claimed 
polymers are sufficiently different from those described in the cited references that no clear basis for concluding that the reference 
polymers inherently contain the claimed properties can be found. 

Claims 1-70 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed 
can be made or used in industry. 

NEW CITATIONS 



International application No. 
PCT/US03/40341 



Form PCT/IPEA/409 (Box V) (July 1998) 
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CLAIMS 

What is claimed is: 

1. A copolymer comprising an isoolefin and a multiolefin, the copolymer 
being substantially free of long chain branching; wherein the copolymer 
has a gWavg. from greater than or equal to 0.978 as determined by triple 
detection SEC. 

2. The copolymer of claim 1, wherein the multiolefin is a conjugated diene, 
preferably isoprene. 

3. The copolymer of claim 1, wherein the muMolefin content is from greater 
than 0.5 mol%. 

4. The copolymer of claim 1 , wherein the multiolefin content is from greater 
than 1.0 moi%. 

5. The copolymer of claim 1, wherein the multiolefin content is from greater 
than 2.5 mol%. 

6. The copolymer of claim 1, wherein the multiolefin content is from greater 
than 5.0 mol%. 

7. A copolymer comprising isobutylene and isoprene, the copolymer being 
substantially free of long chain branching; wherein the copolymer has a 
g'vis.avg. from greater than or equal to 0.978 as determined by triple 
detection SEC. 

8. The copolymer of claim 7, wherein the isoprene content is from greater 
than 0.5 mol%- 
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9. The copolymer of claim 7, wherein the isoprene content is fiom greater 
than 1.0 mol%. 

10. The copolymer of claim 7, wherein the isoprene content is from greater 
than 2.5 mol%. 

11. The copolymer of claim 7, wherein the isoprene content is from greater 
than 5.0 mol%. 

12. A copolymer produced by ihe process comprising contacting an isoolefin, 
preferably isobutylene, a mulnolefin, preferably isoprene. one or more 
Lewis acid(s), one or more initiators), and a diluent comprising one or 
more hydrofluoiocarbon(s) (HFC's); wherein the copolymer is 
substantially free of long chain branching and wherein the copolymer has a 
g' vls . 8V8 . from greater than or equal to 0.978 as determined by triple 
detection SEC. 

13. The copolymer of claim 12, wherein the multiolefrn is a conjugated diene. 

14. The copolymer of claim 12, wherein the multiolefrn content is from greater 
than 0.5 mol%. 

15. The copolymer of claim 12, wherein the multiolefrn content is from greater 
than 1.0iool%. 

16. The copolymer of claim 12, wherein the mulnolefin content is from greater 
than 2.5 mol%. 

17. The copolymer of claim 12, wherein the multiolefrn content is from greater 
than 5.0 mol%. 
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18. The copolymer of claim 12, wherein one or mote hydrofluorocarhon(s) is 
represented by the formula: CxHyF* wherein x is an Integer from 1 to 40 
and y and t are integers of one or more. 

19. The copolymer of claim 18, wherein x is from I to 10. 

20. The copolymer of claim 18, wherein x is from 1 to 6. 

21. The copolymer of claim 18, wherein x is from 1 to 3. 

22. The copolymer of claim 12. wherein the one or more hydrofluorocarbon(s) 
is independently selected from the group consisting of fluoromethane; 
difluoTomethane; trifluoromethane; fluoroethane; 1,1-difluoroethane; 12- 
difluoroethane; 1,1,1 -trifluoroethane; 1,1,2-trifluoroethane; 1,1,12- 
tetrafluoroethane; 1 ,1 ,2,2-tetrafluoroethane; 1,1,1,2^-pentafluoroethane; 
1-fluoropropane; 2-fluoropropane; 1,1-difluoropropane; 12- 
difluoropropane; 1,3-difluoropropane; 2,2-difluoropropane; 1,1,1- 
trifluoropropane; 1,1,2-trifluoropropane; 1 , 1 ,3-trifluoropropane; 1,22- 
trifluoropropane; 123-trifluoropropane; 1,1,1,2-tetrafluoropropane; 
1,1,1,3-tetrafluoropiOpane; 1,1,22-tetrafluoropropane; 1,12,3- 
tetrafluoropropane; 1,133-tetrafluoropropane; 1,223-tetrafluoropropane; 
1,1,1,2,2-pentafluaropropane; 1,1,1 2»3-pentafluoropropane; 1,1,1.3,3- 
pentaflttoropropane; 1,1,223-pentafluotopropane; 1,1,22,3- 
pentafluoropropane; 1.1,1 222 -hexafluoropropane; 1,1,1233- 
hexafluoropropane; 1,1,1,333-hexafluoropropane; 1,1,12222- 
heptafluoropropane; 1,1,1.2333-heptafluoropropane; 1-fluorobutane; 2- 
fluorobutane; 1,1-difluorobntane; 12-d>fl«orohutane; 1,3-difluorobutane; 
1,4-difluorobutane; 2,2-difr uorobutane i 2,3-difluorobutane; 1,1,1- 
trifluorobtrtane; 1,12-trifluorobutane; 1,1,3-trifluorobutane; 1,1,4- 
trifluorobtttane; 1,22-trifluorobutane; 1,2,3-trifluorobutane; 133- 
trifluorobutane; 223-trifluorobutane; 1,1,12-tetrafluorobutane; 1,1,13- 
tetrafluorobutane; l,i,l,4-tetrafluorobutane; 1,122-tetrafluorobutane; 
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1^,23-tetrafluorobutane; 1,1,2,4-teixafliiorobutane; 1,133- 

tetrafluorobutane; 1 , 1 ,3 ,4-tetrafluorobutane; 1 , 1 ,4,4-tetrafluorobutane; 
1^2,3-tetrafluorobutane; 1,2,2,4-tetrafluorobutane; 1,2,33- 

tetrafluorobutane; 1 £3,4-tetrafluo*obutane; 2,233-tetrafhiorobutaiie; 
1,1,1,2,2-pentafluorobutane; l,l,lA3~peatafluorobutane; 1,1,1,2,4- 



pentafluorobutane; 
pentafluorobutane; 
pentafluorobutane; 
pentafluorobutane; 
pentafluorobutane; 
pentafluorobutane; 
hexafluorobutane; 
hexafluorobutane; 
hexafluorobutane; 
hexafluorobutanc; 
hexafluorobutane; 
hexafluorobutane; 
hexafluorobutane; 
heptafluorobutane; 
heptafluorobutane; 
heptafluorobutane; 
octafluorobutane; 
octafluorobutane; 
octafluorobutane; 
nonafluorobutane; 
methylpropane; 
methylpropane; 



1,1^1 ;3,3 -pentafluorobutane; 

1,1,1 A4-pentafluorobutane; 

1,1 3,2,4-pentafluorobutane; 

1,13,4,4-pentafluoiobutane; 

1 3333-peatefluorobutane; 
1,1.1 A2 9 3-hexafluorobutane; 
1,1,1 A3 y 3-hexafluorobutane^ 
1 ,1,1 ^,4,4-hexafluorobutane; 
1,1,1 ,3,4,4-hexafluorobutaae; 
1 , 1 ,2,2,3 3-hexafluoTobutane; 
1 , 1 ,2A4,4-hexafluorobutane; 



1,1 ,2,3,4,4-hexafluorobutane; 
1,1,13,233-faeptafluorobulane; 
1 ,1,12 A3,4-heptafluorobutane; 
1,1,133,4,4-heptafluorobutane; 
1 ,1 t l ,3,3,4,4-heptafluoiobutane; 
1,1,1 ^,2,3,4,4-octafluorobutane; 
1.1,1 ,2,2,4,4,4-octafluorobutane; 
1,1,1 ,2,233,4,4-nonafluorobutane; 
1 -fluoro-2-methylpropane; 
1 3-difluoro-2-raeihylpropane; 
1 , 1 ,3-trifluoro-2-methylpropane; 
(fluoromethyl)propane; l,l,l,3-tetrafluoro-2-methylpropane; 1,133- 
tetraflwto-2-methylpropane; 1 , 1 ,3-trifluoro-2-(fluoromethyl)propane; 
1,1 ,13,3-pentafluoro-2-methylpropane; l,133-tetrafluoro-2- 
(fluoromethyl)propane; 1,1,1 f 3~tetrafluoro-2-(fluoroiiiethyl)propane; 

fluorocyclobutane; 1,1-difluorocyclobutane; 1,2-difluorocyclobutane; 13- 



1,1,13,4- 

MA23- 
1,1A33- 
1,133,4- 
1,2,2,3,4- 
1.1,1,2,2,4. 
1,1,1,23,4- 
1,1433.4- 
1,1,1.4,4,4- 
1,1A23,4- 
1,1,233,4- 
1,2,233,4- 
1,1,1^,4,4- 
1,1,1,233,4- 
1,1,1,2,4,4,4- 
1,1,1^33,4- 
1,1,1,233,4,4- 
1,1,1,23,4,4,4- 
1,1,1,2,23,4.4,4- 
l,l-difhioro-2- 
l,l,l-trifluoro-2- 
l3^ifluoro-2- 
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i u 1 ,1 7-trifluorocyclobutaue; U> 

^^orocyclobu^ ^.^^yclobutane; 1,1 W- 

pSn . t „ ,m3 4-hexafluorocyclobutane; 1,1,2,3,3,4- 

hexafluorocyclobutane; 1.1,2,2,3,4-nexax vinyl 
^orocyclobutane; 1,1^,3,4-heptafluorocyclob^e. Y 
J^uoxoethene; l^ifluoroctbene; l^-tnfluoroethene 1 

fluoiopropene, 1,1-dtfluoropxop 33 ^ ifluoropr0 pe ne ; 1,1,2- 

dlfluoropropene; 2^-diftuoroptopene; 3> 3-<unuorop 

U*«— 1~ 1.1-4*000,0. MM IAS 

^ i K«e™- 1 4 4-triflumo-l-bulene; 2^-trifluoro-l-bu»», 2J.4- 
mauKo-l-batens. 1,4,4 tn ^^to-l-butcae: 3,4.*- 

trifluoro-1 -butene, 2,4,<Mnuuu , t o 3 . te trafluoro-l-butene; 

1 w.*^- 4 4 4-trifluoio-l-butene; l,lA3-»irauw» 

trffluoro-l-butene, 44.4-tntl butejae; 1 , U ,4- 

tetrafluoro-l-butene; 1 ,1 ,4,4-tetrafluoro-l-butene, ^ 

tet^uoro-l^butene; l,3A4^etrafluoro.l-bu^e ^L-r 2444- 
wene- 2 3 3/Wetxafluoio-l-butene; 2,3,4,4-tet ra fluoro-l-buteae 2,4,4,4- 

7 f£Zr 3^4,4-tettafluoro-l-butene; 
butene; 1,1^,3-pentafluoro-l-butene, UM P 
1 12,4,4.pent a fl.o ro .l-bu t e fl e; l.U^tafl^butc-e, 11^ 
. ll4 44^eiit a fluoro-l-butene; 1,2,3,3,4- 

oentafluoro-1 -butene; 1,1,4,4,4-penww 

, <..* ~ t CL3 4 4-pentafluOTO-l -butene; 1,2.4,4,4- 
pentafluoro-1 -butene; 1.2P,4,4-penw» 03444- 
, ^- . — . 9-134 4-oentafluoro-l -butene; 2,3,4,^ 
pentafluoto-l-butene; 2,3,3,4,*-pe» 

« ,v 3344,4-pentafluojco-l-butene; 1,1,2,3,3,*- 
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hexafluoro-l-butene; 1,1 ^A^hexafluwo-l-butene; 1,1,2,4,4,4- 
hexafluoro^bulene; 1,2,3,3,4,4-hexafluoro-l-butene; 1.2,3,4A4- 
hexafluoro-l-butene; 2^,3A4,4-hexafluoro-l-butene; 
heptafhmro-l-butene; 1,1^,3,4,4,4-heptafluoro-l-butene; 1,1,3,3,4,4,4- 
heptafluoio-l-butene; l,2,3,3,4A4-heptafluoro-l-butene; l-fluoro-2- 
butene; 2-fhioro-2-butene; U-dmuoro-2-butene; l^ifluoro-2-butene; 
l,3^ifluoro-2-butene; l,4-difluoro-2-butene; 2,3-dmuto-2-butene; 1,1,1- 
trffluoro-2-butene; l,l>trifluom-2-birtene; l,l,3-trifluoro-2-butene; 1,1.4- 
trifluoro-2-butene; l,2,3-trifluoro-2-butene; U,4.triflaoto-2-butcne; 
M.l^-tetraflvioro^butene; 1,1,1 ,3-teti^uoro-2-butene; 1,1,1.4- 
tetrafluoro-2-butene; UA3-tetrafluoro-2-butene; 1,1 A4-tetrafiuoro-2- 
butene; l A 3,4-tetrafluoto-2-butenei 1^1.2>pei^uoro-2-butene; 
l,l,l^,4-pcnt a fluoro-2-butene; l f l,l,3,4-pentafluoro-2-butene; 1,1,1,4,4- 
p^tafluoro-2-butene; i,l,2,3,4-pentafluoro-2-butene; 1,1,2,4,4- 
pentafluoro-2-butene; l,l,l,2,3A~hexafluoro-2-butene; 1,1,1.2,4,4- 
hexafluoio-2-btttene; U,l,3,4,4-hexafluoro-2-butene; 1,1,1,4,4,4- 
hexiriuoro-2-butene; l,i;UA4-hexaflu0r<>-2-butene; 1,1,1,2,3,4,4- 
heptafluoro-2-butene; l.l.l^^.^heptafluoro^-butene; and mixtures 
thereof. 

23. Hie copolymer of claim 12, wherein the one or mote hy<bofluorocarbon(s) 
is independently selected from the group consisting of fluoromethane, 
difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1- 
trifluoroethane, 1,1,1,2-tetrafluoroethane, and mixtures thereof. 

24. The copolymer of claim 12, wherein the diluent comprises from 15 to 100 
volume % HFC based upon the total volume of the diluent 

25. The copolymer of claim 12, wherein the diluent comprises from 20 to 100 
volume % HFC based upon the total volume of the diluent. 
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26. The copolymer of claim 12. wherein the diluent comprises ftom 25 to 100 
volume % HFC based upon the total volume of the diluent 

27. The copolymer of claim 12, wherein the diluent further comprises a 
hydrocarbon, a non-reactive olefin, and/or an inert gas, 

28. The copolymer of claim 27, wherein the hydrocarbon is a halogenated 
hydrocarbon outer than an HFC. 

29. The copolymer of claim 28, wherein the halogenated hydrocarbon is 
methyl chloride. 

30. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 



wherein M is a Group 4, 5, or 14 metal; and 
each X is a halogen. 

31. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by die formula MRX4-n ; 
wherein M is Group 4, 5. or 14 metal; 

each R is a monovalent C, to C 12 hydrocarbon radical independendy 

selected front the group consisting of an alkyl, aryl, arylalkyl, alkylaryl 

and cycloalkyl radicals; 

n is an integer from 0 to 4; and 

each X is a halogen. 

32. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula M^O^'mXKin+nH 
wherein M is Group 4, 5, or 14 metal; 

each RO is a monovalent C, to C 30 hydrocarboxy radical independently 
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy, 
alkylaryloxy radicals; 
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each R' is a monovalent ft to C l2 hydrocarbon radical independently 
selected fro- the group consisting of an A* aryU arylalfcyl, aDcylaxyl 
and cycloalkyl radicals; 
n is an integer from 0 to 4; 

im is an integer from 0 to 4, wherein the sum of/? and m is not more than 4, 
and 

each X is a halogen. 

* i • i-> .uhorein the one or mote Lewis acid(s) is 
The copolymer of claim 12, wherein ine one ur 

represented by the formula M<RC=00)*R'mX4W> 

wherein Mis Group 4, 5, or 14 metal; . 

each ROOD is a monovalent ft to C 30 hydrocarbacyl radical 

independently selected from the group consisting of an aUcacyloxy, 

arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals; 

Z* K is a monovalent ft to ft, hydrocarbon radical mdeoend ntly 

selected from the group consisting of an alkyl. aryl, arylalkyl, alkylaryl 

and cycloalkyl radicals; 
„ is an integer from 0 to 4; 

„ is an integer from 0 to 4. wherein the sum of » and m is not more than 4; 
and 

each X is a halogen. 

The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula MOX 3 ; 
wherein Mis a Group 5 metal; and 
each X is a halogen. 

;. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula MX 3 ; 
wherein M is a Group 13 metal; and 
each X is a halogen. 
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36- The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula MR0X3-0 ; 
wherefoM is a Group 13 metal; 

each R is a monovalent C t to C12 hydrocarbon radical independently 

selected from the group consisting of an alkyl, aryL, arylalkyU alkylaryl 

and cycloalkyl radicals; 

n is an integer from 1 to 3; and 

each X is a halogen. 

37. The copolymer of claim 12, vvherein the one or more Lewis acid(s) is 
represented by the formula MCRO^mX^dn+n); 
wherein M is a Group 13 metal; 

each RO is a monovalent Ct to C30 hydrocaxboxy radical independently 
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy, 
alkylaryloxy radicals; 

each R' is a monovalent Ct to C> 2 hydrocarbon radical independently 
selected from the group consisting of an alkyl, aiyl, arylalkyl, alkylaryl 
and cycloalkyl radicals; 
n is an integer from 0 to 3; 

m is an integer from 0 to 3 , wherein the sum of n and m is from 1 to 3 ; and 
each X is a halogen. 

38. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula MCRC^OO^'mXs-Cm+tj); 
wherein Mis a Group 13 metal; 

each ROOO is a monovalent hydrocarbacyl radical independently 
selected from the group independently selected from the C 2 to C30 group 
consisting of an alkacyloxy, arylacyloxy, arylalkylacyloxy, 
alkylarylacyloxy radicals; 

each R' is a monovalent Ci to Cu hydrocarbon radical independently 
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl 
and cycloalkyl radicals; 
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n is an integer from 0 to 3 ; 

mis a integer from 0 to 3, wherein the sum of n and m is from 1 to 3; and 
each X is a halogen. 



39. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula MX y ; 

wherein Mis a Group 15 metal; 
each X is a halogen; and 
y is 3, 4 or 5. 

40. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula MR n X y4i; 

wherein M is a Group 15 metal; 

each R is a monovalent C\ to C12 hydrocarbon radical independently 

selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl 

and cycloalkyl radicals; 

n is an integer from 0 to 4; 

y is 3, 4 or 5, wherein n is less than y; and 

each X is a halogen. 

41. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula M(RO)nR mX y ^ m+!l ); 

wherein Mis a Group IS metal, 

each RO is a monovalent Ci to C30 hydxocarboxy radical independently 
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy, 
alky laryloxy radicals; 

each R 1 is a monovalent Ci to C J2 hydrocarbon radical independently 
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl 
and cycloalkyl radicals; 
ft is an integer from 0 to 4; 
m is an integer from 0 to 4; 

y is 3, 4 or 5, wherein the sum of n and m is less than y; and 
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each X is a halogen. 

42. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented hy the formula M(ROOO)nR\nXy.(m*o; 
wherein Mis a Group IS metal; 

each RC=0O is a monovalent C 2 to Qo hydrocarbacyloxy radical 
independently selected from the group consisting of an alkacyloxy, 
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals; 
each R' is a monovalent C, to C„ hydrocarbon radical independently 
selected from the group consisting of an alkyl, aryl, arylalkyl, aUcylaryl 
and cycloalkyl radicals; 
n is an integer from 0 to 4; 
m is an integer from 0 to 4; 

y is 3, 4 or 5, wherein the sum of n and m is less man y ; and 
each X is a halogen. 

43 The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
independently selected from the group consisting of titanium tetrachloride, 
titanium tetrabromide, vanadium tetrachloride, tin tetrachloride, zirconium 
tetrachloride, titanium bromide trichloride, titanium dibromide dichloride, 
vanadium bromide trichloride, tin chloride trifluoride, benzyltitaoium 
trichloride, dibenzyltitanium dichloride, bcnzylzirconium trichloride, 
dibenzylzimonium dibromide, methyltitardum trichloride, 
dimethyltitanium difiuoride, dhnethylun dichloride, phenyrvanadium 
trichloride, methoxytitaxiium trichloride, n-butoxvtitanium trichloride, 
di(tsop ro poxy)titanium dichloride, phenoxytitanium tribromide, 
phenylmethoxyzirconiiim trifluoride, methyl methoxytitanium dichloride, 
methyl methoxytin dichloride, benzyl isopiopoxyvaaadium dichloride, 
acetoxytitanium trichloride, benzoylzhconium tribromide, 
benzoyloxytitanium trifluoride, isopropoyloxytin trichloride, methyl 
acetoxytitanium dichloride, benzyl benzoyloxyvanadium chloride, 
vanadium oxytrichloride, aluminum trichloride, boron trifluoride, gallium 
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trichloride, indium trifluoride, ethylaluminum dichloride, methylaluminum 
dichloride, banzylaluminum dichloride, isobutylgallium dichloride, 
diethylaluminum chloride, dimethylalmninum chloride, ethylaluminum 
sesquichloride, methylaluminum sesquichloride , trimethylaluminum, 
triethylaluminum, methoxyaluminum dichloride, ethoxy aluminum 
dichloride, 2,6^-tert4>utylpbenoxy aluminum dichloride, methoxy 
methylaluminum chloride, 2,6-di-tert-butylphenoxy methylaluminum 
chloride, isopropoxygallium dichloride, phenoxy methylindium fluoride, 
acetoxy aluminum dichloride, benzoyloxy aluminum dibtomide, 
benzoyloxygallium difluoride, methyl acetoxy aluminum chloride, 
isopropoyloxyindium trichloride, antimony hexachloride, antimony 
hexafluoride, arsenic pentafluoride, antimony chloride pentafluoride, 
arsenic trifluoride, bismuth trichloride arsenic fluoride tetrachloride, 
tetraphenylantimony chloride, triphenylantimony dichloride, 
tetrachloromethoxyantimony, dimethoxytrichloroantimony, 
dichloxomethoxyarsine, chlorodimethoxyarsine, difluoromethoxyarsine, 
acetatotetrachloroaotimony, (benzoato) tetrachloro antimony, and bismuth 
acetate chloride. 

44- The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
independently selected from the group consisting of aluminum trichloride, 
aluminum tribromide, ethylaluminum dichloride, ethylaluminum 
sesquichloride, diethylaluminum chloride, methylaluminum dichloride, 
methylaluminum sesquichloride, dimethylaluminum chloride, boron 
trifluoride, and titanium tetrachloride. 

45. The copolymer of claim 12, wherein the Lewis acid is not a compound 
represented by formula MX 3} where Mis a group 13 metal, X is a halogen. 

46. The copolymer of claim 12, wherein the one or more inftiator(s) comprise 
a hydrogen halide, a carboxylic acid, a carboxylic acid halide, a sulfonic 
acid, an alcohol, a phenol, a polymeric halide, a tertiary alkyl halide, a 
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48. 



tertiary aralkyl halide. a tertiary alkyl ester, a tertiary aralkyl ester a 
tertiary alkyl ether, a tertiary aralkyl ether, an alkyl halide, an aryl hahde. 
an alkylaryl halide or an arylalkylacid halide. 

The copolymer of claim 12, wherein the one or more initiators) is 
independently selected from the group consisting of HC1, HaO, methanol, 
(CH 3)3 CC1, CeHsC^a, (a-Chloro-a^lxnnethylpentane) and 2- 
chloro-2-methylpropane. 

The copolymer of claim 12, wherein the one or more ii»uato«s) is 
independently selected from the group consisting of hydrogen chloride, 
nydrogen bromide, hydrogen iodide, acetic acid, propanoic acid, butano* 
acid- cinnamic acid, benzoic acid. 1-chloroacetic acid, dichloroacettc acid, 
trichloroacetic acid, trifluoroacetic acid, p^Uorobenzaic acid, p- 
fluorobenzoic acid, acetyl chloride, acetyl bromide, cinnamyl cHonde, 
benzoyl chloride, benzoyl bromide, trichloroacetylchlonde. 
trifluoroacetylchloride, p-fluorobenzoylchloride. methanesulfonic acid, 
trifluoromethanesulfonic acid, tricmoromethanesulfonic acta, p- 
tolnenesulfonic acid, methanesnlfonyl chloride, xnethanesulfonyl bronude. 
trichloromethanesulfonyl chloride, trifluoromemanesulfonyl chlonde, p- 
toluenesnlfonyl chloride, methanol, ethanol. propanoU 2-propanol, 2- 
m ethylpropan-2-ol, cyclohexanol, benzyl alcohol, phenol, 2-methylphenol, 
2,c-dimelhylphenol, p^hlorophenol, p-fluorophenol, 2,3.4,5,6- 
pentafluorophenol, and2-hydroxynaphthalene. 

> The copolymer of claim 12. wherein the one or more initiator is 
independently selected from the group consisting of 2-chloro-2,4,4- 
trimethylpentane; 2-bromo-2 5 4 ) 4-trimethyl P entane; 2 - cWo ^ 
xnethylpropane- 2.bromo-2-methylpropane; 2-chloro-2.4.4,6.6- 
pentamethylheptane; 2-bromc-2,4,4,6,6- P entam e thylheptane; 1-ehloro-l- 
xnethyletbylbenzene; l^hloroadamantane; l^hloroethylbenzene; 1. 4- 
bis(l-chloro-l-melhylethyl) benzene; 5-tert-butyl-U-bls(l-chloro-l. 
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methylethyl) benzene; 2-acetoxy-2,4,4-trii»ethylpentane; 2-benzoyloxy- 
2 4 4-trimethylpentane; 2-aceto X y-2-methylpro P ane; 2-benzoyloxy-2- 
memylpropane; 2-^^-2,4,4,6,^^^^^; 2-benzoyl- 
2,4,4,6,6-pentametiiylhcptane; 1-aoetoxy-l-metbylethylbenzene; 1- 
aceotxyadamantane; l-benzoyloxyemylbenzene; 1,4-bisCl-acetoxy-l- 
methylethyl) benzene; s-tert-butyl-l^bisd-acetoxy-l-xnethylethyl) 
benzene; 2-methoxy-2,4 1 4-trimethylpent a ne; 2-isopropoxy-2,4,4- 
trimethylpentane; 2-methox y -2-methylprc > pane; 2-benzyloxy-2- 
xnethylpropane; 2-metho X y.2,4A6,6- P entamethylhept a ne; 2-isopropoxy- 
2,4,4,6,6-pentamethylheptane; 1-melhoxy-l-tnethylethylbenzene; 1- 
memoxyadamantane; 1-methoxyethylbenzene; 1.4-bis(l-melhoxy-l- 
m ethylethyl) benzene; 5-tert-butyl-U-bisd-methoxy-l-methylethyl) 
benzene, and l^-trisO-cbloro-l-methylethyl) benzene. 

The copolymer of claim 12, wherein the one or more initiators) further 
comprise a weakly-coordinating anion. 

The copolymer of claim 12, wherein the one or more mitiator( S ) comprise 
greater than 30 ppm water (based upon weight). 

The copolymer of claim 12, wherein the contacting further comprises 
contacting one or more monomer(s) independently selected from the group 
consisting of olefins, alpha-okfins, disubstituted olefins, isoolefins, 
conjngated dienes, non-conjngated dienes, styrenics. substituted styremcs, 
and vinyl ethers. 

S3 The copolymer of claim 12, wherein the contacting further comprises 
contacting one or more monomer(s) independently selected from the group 
consisting of styrene, para-alkylstyrene, para-methylstyrene, alpha-methyl 
styrene, divinylbenzene, diisopropenylbenzene, isobutylene, 2-methyM- 
butene, 3-methyl-l-butene, 2-methyl-2-pentene, isoprene, butadiene, 2,3- 
dimemyl-l,3-butadiene, B-pinene, myrcene, 6,6-dimethyl-fulvene, 



50. 



51. 



52. 
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hexadiene, cyclopentadiene, methyl cyclopentadiene, piperylene, methyl 
vinyl ether, ethyl vinyl ether, and isobutyl vinyl ether. 

54. The copolymer of any of the preceding claims, wherein the copolymer is 
halogenatedto form a halogenated copolymer. 

55. The copolymer of claim 54, wherein the halogenated copolymer is 
halogenated with chlorine or bromine. 

56. The copolymer of claim 54, wherein the halogen content is greater than 0.5 
wt% based upon the weight of the halogenated copolymer. 

57. The copolymer of claim 54, wherein the halogen content is from 0-5 wt% 
to 3.0 wt% based upon the weight of the halogenated copolymer. 

58. The copolymer of any of the preceding claims, wherein the copolymer has 
a Mw of from greater than 50,000. 

59. The copolymer of any of the preceding claims, wherein the copolymer has 
a Mw of from greater than 100,000- 

60. The copolymer of any of the preceding claims, wherein the copolymer has 
a Mw of from greater than 500,000. 

61. The copolymer of any of the preceding claims, wherein the copolymer has 
a Mw of from greater than 1 ,000,000. 

62. The copolymer of any of the preceding claims, wherein the copolymer has 
a M WD of from greater than 2. 

63. The copolymer of any of the preceding claims, wherein the copolymer has 
a MWD of from 2 to 6. 
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64. The copolymer of any of the preceding claims, wherein the copolymer has 
a Mooney viscosity of at least 20 ± 5 (ML 1 + 8 at 12S°C, ASTM D 1646). 



65. The copolymer of any of the preceding claims, wherein the copolymer has 
a Mooney viscosity of from 20 * 5 to 60 ± 5 (ML 1 + 8 at 12S°C, ASTM 
D1646). 

66. The copolymer of any of the preceding claims, wherein the copolymer has 
a gWavg. from greater than or equal to 0.980 as determined by triple 
detection SEC. 



67. The copolymer of any of the preceding claims, wherein the copolymer has 
a gWavg. from greater than or equal to 0.990 as determined by triple 
detection SEC. 



68. The copolymer of any of the preceding claims, wherein the copolymer has 
a g'vbw from greater than or equal to 0.995 as determined by triple 
detection SEC. 

69. The copolymer of any of the preceding claims, wherein the copolymer has 
no long chain branching. 



70. A blend comprising the copolymer of any of the preceding claims and a 
secondary rubber independently from the group consisting of at least one 
of natural rubber, polyisoprene rubber, poly(styrene-co-butadiene) rubber 
(SBR), polybutadiene rubber (BR), poly(isoprene-co-butadiene) robber 
(1BR), styiene-isoprene-butadiene rubber (SIBR), ethylene-propylene 
rubber (EPR), ethylene-propylene-diene rubber (EPDM), polysulfide, 
isobutylene/cyclopentadiene copolymer rubber, isobuty lene/ methyl 
cyclopentadiene copolymer rubber, nitrile rubber, propylene oxide 
polymers, star-branched butyl rubber and halogenaled star-branched butyl 
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rubber, brominated butyl rubber, cblorinated butyl rubber, star-branched 
polyisobutylene rubber, star-branched brominated butyl 
Cpolyisobutylene/isoprene copolymer) rubber, polydsobutylene-c^ 
methylstyrene) and halogenated poMisobutylene^^methylstyrene), 
halogenated p oly(isobutylene-co4soprene^-p-m e thylstyrene), 
polydsobutylene-co-isoprene-co-styrene), halogenated polyCisobutylene- 
co-isoprene-co-styxene), polyCisobutylene-co-isoprene-co-a- 
methylstyrene) halogenated poly(isobutylene^o-isoprene^a- 
methylstyrene), and mixtures thereof. 
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